Hybrid conducting films, obtained by modification of poly (3,4-ethylenedioxytiophene) 
INTRODUCTION
Recently new type of hybrid materials have been obtained by synthesis of iron hexacyanoferrate (Fehcf), cobalt hexacyanoferrate (Cohcf) and nickel hexacyanoferrate (Nihcf) inside conducting polymer matrix. Those materials combine properties of the conducting polymer and inorganic multinuclear redox centre matrix. The chemical restructure of pEDOT with metal hexacyanoferrate give material with the average capacitance of C = 70 F/cm 3 coming from pseudo-capacitance of polymer and faradaic activity originating from inorganic network metal hexacyanoferrate (Mhcf) constituent [1] . The material can be applied as electrode of electrochemical capacitors [2] . The aim of presented work is to describe composition and structure of iron hexacyanoferrate (Fehcf), cobalt hexacyanoferrate (Cohcf) and nickel hexacyanoferrate (Nihcf) formed inside conducting polymer matrix (pEDOT/Mhcf) by EDX and microRaman studies.
EXPERIMENTAL

Chemicals
All chemicals were reagent grade, used without further purification. The monomer EDOT, FeCl 3 , CoCl 2 ·6H 2 O, NiCl 2 ·6H 2 O were obtained from Aldrich Co. Ferric and ferrous hexacyanoferrate were of analytical grade (POCh, Poland). Aqueous electrolytes have been prepared using triply distilled water.
Instrumentation and film preparation
Films
Polymeric films were obtained by anodic polarisation of the Pt plate (1.4 cm 2 ) at potential E=1.0V versus Ag/AgCl (0.1KCl) from a solution containing monomer EDOT, K 4 Fe(CN) 6 , K 3 Fe(CN) 6 at appropriate concentration ratio [1] . The overage film thickness was 15 µm. Obtained in this way poly(3,4-ethylenedioxythiophene) films doped by hexacyanoferrate ions were modified by multicyclic polarisation in FeCl 3 , CoCl 2 and NiCl 2 aqueous electrolytes. After 60 cycles at potential range of -0.25 to 0.8 V vs. Ag/AgCl samples were rinsed using triply distilled water and finally dried in air at ambient temperature.
Instrumentation
Raman spectra were obtained using Jobin-Yvon Raman Spectrometer model T64000 with Confocal Microscope, Macro-Chambre and LHe cryostat, equipped with lasers covering UV-VIS-NIR range, using the 514.5 nm line of an argon ion laser as an excitation source. The examinations of surface morphology and composition of the films were performed by the Philips XL-30 ESEM (Environmental Scanning Electron Microscope) with EDX spectrometer, applying beam energy 10 keV. Films thickness was determined using by profilometer Hommel Tester T8000 (Hommewerke, GmbH, Germany). As can be seen, texture of the films depends on the film thickness. Thicker layer exhibit more porous structure than thinner one. This type of relation has been observed for all pEDOT/Mhcf samples and is strictly related to the polymerisation of the pEDOT.
RESULTS AND DISCUSSION
EDX and SEM studies
The thickness of the pEDOT/Mhcf materials was crucial for EDX measurements. We were not able to obtain reproducible results by EDX scanning for thin layers. Signal of the platinum was too strong to estimate other elements of the conducting film (not shown). Thus, EDX measurements were taken for thicker films (~15µm). shows Energy Dispersive X-ray spectra (EDX) of pEDOT/Fehcf material. Each peak corresponds to the energy of electrons dropping from electron shell in one element. For example, the C K peak is for electrons from the K-shell in carbon. The spectrum shows that the material contains carbon (C), nitrogen (N), oxygen (O), sulphur (S) and iron (Fe). The intensity of the peak height depends on the amount of element under investigation. It is also dependent on the beam energy used during measurements. An average 10 keV beam energy was chosen to obtain data for both non-metal and metal elements i.e.: carbon, nitrogen, oxygen or sulphur atoms and metals as iron, nickel or cobalt. Identification of metal elements i.e.: iron, cobalt and nickel atoms was performed using beam energy of 25 keV. Nevertheless, the obtained results were comparable with the results obtained for beam energy of 10 keV. Proposed chemical formulas of the Mhcf were solved based on the EDX spectra obtained with 10 keV beam energy. According to Fig. 2 the ratio Fe:N is 1:6. This is the same ratio as Fe:CN relation in Prussian Blue (PB). The EDX data shows that the ratio Fe:S is equal to 1:2.5. Therefore 18 mer units of pEDOT correspond to one Fe 4 [Fe(CN) 6 ] unit. The rest amount of carbon atoms is supposed to come from the polymer pEDOT. Theoretical ratio C:S for pEDOT is 6:1. This value is in agreement with our calculation. This confirms that the pEDOT/Fehcf was obtained and the polymer per inorganic unit is 18:1 for 15µm thick hybrid layer. The proposed formula for Fehcf can be given as Fe 4 [Fe(CN) 6 ] 3 as shown above, presented compound is so called insoluble Prussian Blue [3] . Thus, modification of pEDOT/Fe(CN) 6 4-/3-in 0.01M FeCl 3 is with the agreement with the fact that the insoluble form can be obtained. The EDX spectra for pEDOT/Nihcf is shown at Fig. 3 The ratio of S:M is equal to 6.7:1 and may be interpreted as 20:1 for the pEDOT mer units per inorganic NiFehcf unit. All calculated empirical formulas of Mhcf are shown in Table 1 . 
Micro-Raman spectroscopy
Micro-Raman measurements of the pEDOT/Mhcf material were obtained for the polymer modified by iron hexacyanoferrate. Fig. 5 shows Raman spectra of pEDOT/Fehcf material in whole studied wave range. Peaks in the region of 1600 -1400 cm -1 are ascribed to the stretching vibrations of C=C bond and CH 2 group [7, 8] . The interaction between C atoms and O atoms from the polymer give the answer at 993 cm -1 , 860 cm -1 1 and in the region 600 -400 cm -1 (Fig. 6 ). Micro-Raman spectrum of Prussian Blue, monomer EDOT and pEDOT/Fehcf have been shown in Fig. 7 . The peak maximum recognized as stretching vibrations of CN -group of solid Prussian Blue appears at 2150 cm -1 , Fig. 7 . The signal is very strong and is typical for electrochemically or chemically obtained Prussian Blue [9, 10] . In our case, no platinum interference was observed. In the case of studied hybrid material the signals ascribed CN group are strongly masked. It is very likely that the CN group answer is shifted about 200 cm -1 to lowest wave number (Fig. 7) . Observed shift can be caused by the interaction between CN -group and polymer chain. This interpretation requires further studies. The main information about interaction between, conducting polymer and Prussian Blue, is given in the region 700 -300 cm -1 , see Fig. 8 . The crucial difference can be observed at 700 cm -1 . The peaks recorded for pEDOT/BP at 720 cm -1 are shifted in comparison with the deformation vibrations C-S-C in the polymer pEDOT [11, 12] . This deformation can be caused by direct interaction between sulphur from polymer chain and iron from inorganic part of hybrid system. Raman measurements confirm earlier observed phenomena by X-ray Photoelectron Spectroscopy (XPS) [1] . 
